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EXHAUST TREATMENT DEVICES, CATALYST, AND METHODS OF MAKING 

AND USING THE SAME 

BACKGROUND 

[0001] In order to meet exhaust fluid emission standards, the exhaust 
emitted from intemal combustion engines is treated prior to emission into the 
atmosphere. Exhaust fluids may be routed through at least one exhaust emission 
treatment device disposed in fluid communication with the exhaust outlet system of the 
engine, wherein the exhaust fluids are treated by reactions with a catalyst composition 
deposited on a porous support material. Examples of exhaust emission treatment 
devices include catalytic converters, catalytic absorbers, diesel particulate traps, and the 
like. The exhaust fluid generally contains undesirable emission components including 
carbon monoxide (CO), hydrocarbons (HC), and nitrogen oxides (NOx), sulfates (SO3) 
and particulates. In particular, sulfur compoimds deactivate precious metals, and the 
temperature needed for precious metal regeneration exceeds exhaust temperatures. As 
a means of simultaneously removing the objectionable CO, HC, NOx and SOx 
components, various catalyst compositions have been developed. 

[0002] However, a need remains in the art for an improved catalyst 
compositions used in a catalytic exhaust treatment device. 

SUMMARY 

[0003] Disclosed herein are exhaust treatment devices, catalysts, and 
methods of making and using the same. One embodiment of an exhaust treatment 
device comprises a substrate, a shell disposed around the substrate, and a retention 
material disposed between the shell and the substrate. The substrate comprises a 
catalyst that comprises a precious metal and a solid solution comprising solid solution 
metals. The solid solution metals comprise yttrium, zirconium, and titanium. 

[0004] One embodiment of a method of making a catalyst comprises 
forming an organometallic precursor comprising zirconium and titanium by the 
etherification of an alcohol, and decomposing the precursor to form a catalyst 
comprising a titanium-zirconium solid solution. 

[0005] The above-described and other features will be appreciated and 
understood by those skilled in the art from the following detailed description, and 
appended claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] Refer now to the figure, which is an exemplary embodiment. 
[0007] Figure 1 is a partial cross-sectional view of an exhaust treatment 

device. 

DETAILED DESCRIPTION 

[0008] Referring now to Figure 1, an exemplary embodiment of an 
exhaust treatment device generally designated 100 is illustrated. The exhaust treatment 
device 100 may include, but is not limited to, the following examples, catalytic 
converters, evaporative emissions devices, scrubbing devices (e.g., hydrocarbon, sulfur, 
and the like), particulate filters/traps, adsorbers plasma reactors (e.g., non-thermal 
plasma reactors, and the like), and the like, as well as combinations comprising at least 
one of the foregoing devices. The exhaust treatment device 100 comprises a substrate 
12 disposed within a retention material 14 forming a subassembly 16. A shell 18 is 
disposed around the subassembly 16. An end-cone 20 comprising a snorkel 22 having 
an opening 24 is in physical communication with shell 18. Opening 24 allows exhaust 
fluid communication with substrate 12. As will be discussed in much greater detail, a 
catalyst may be disposed on/throughout substrate 12. 

[0009] Substrate 12 may comprise any material designed for use in a 
spark ignition or diesel engine environment and having the following characteristics: 
(1) capable of operating at temperatures up to about 600''C, and up to about 1,000°C for 
some applications, depending upon the device's location within the exhaust system 
(manifold mounted, close coupled, or underfloor) and the type of system (e.g., gasoline 
or diesel); (2) capable of withstanding exposure to hydrocarbons, nitrogen oxides, 
carbon monoxide, particulate matter (e.g., soot and the like), carbon dioxide, and/or 
sulfur; and (3) having sufficient surface area and structural integrity to support a 
catalyst. Some possible materials include cordierite, silicon carbide, metal, metal 
oxides (e.g., aluminimi oxide, and the like), glasses, and the like, and mixtures 
comprising at least one of the foregoing materials. Some ceramic materials include 
"Honey Ceram'', commercially available from NGK-Locke, Inc, Southfield, Michigan, 
and "Celcor", commercially available from Coming, Inc., Coming, New York. These 
materials may be in the form of foils, preform, mat, fibrous material, monoliths (e.g., a 
honeycomb structure, and the like), other porous structures (e.g., porous glasses. 
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sponges), foams, pellets, particles, molecular sieves, and the like (depending upon the 
particular device), and combinations comprising at least one of the foregoing materials 
and forms, e.g., metallic foils, open pore zirconium toughened aluminum oxide 
sponges, and porous ultra-low expansion glasses. Furthermore, these substrates may be 
coated with oxides and/or hexaaluminates, such as stainless steel foil coated with a 
hexaaluminate scale. 

[0010] Although the substrate may have any size or geometry, the size 
and geometry are preferably chosen to optimize surface area in the given exhaust 
emission control device design parameters. For example, the substrate may have a 
honeycomb geometry, with the combs channel having any multi-sided or rounded 
shape, with substantially square, triangular, pentagonal, hexagonal, heptagonal, 
octagonal, or similar geometries preferred due to ease of manufacturing and increased 
surface area. 

[001 1] Located between the substrate 12 and the shell 18 may be a 
retention material 14 that insulates the shell 18 from both the exhaust fluid 
temperatures and the exothermic catalytic reaction occurring within the catalyst 
substrate 12. The retention material 14, which enhances the structural integrity of the 
substrate by applying compressive radial forces about it, reducing its axial movement 
and retaining it in place, may be concentrically disposed aroxmd the substrate to form a 
retention, material/substrate subassembly 16. 

[0012] The retention material 14, which may be in the form of a mat, 
particulates, or the like, may be an intumescent material (e.g., a material that comprises 
vermiculite component, i.e., a component that expands upon the application of heat), a 
non-intumescent material, or a combination thereof. These materials may comprise 
ceramic materials (e.g., ceramic fibers) and other materials such as organic and 
inorganic binders, and the like, or combinations comprising at least one of the 
foregoing materials. Non-intumescent materials include materials such as those sold 
under the trademarks *^^^EXTEL" and "INTERAM 1 lOlHT" by the "3M" Company, 
Minneapolis, Minnesota, or those sold under the trademark, "FIBERFRAX" and "CC- 
MAX" by the Unifrax Co., Niagara Falls, New York, and the like. Intumescent 
materials include materials sold under the trademark "INTERAM" by the "3M" 
Company, Minneapolis, Minnesota, as well as those intumescents which are also sold 
under the aforementioned "FEBERFRAX" trademark, as well as combinations thereof 
and others. 
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[0013] The retention material/substrate subassembly 16 may be 
concentrically disposed within a shell 18. The choice of material for the shell 18 
depends upon the type of exhaust fluid, the maximum temperature reached by the 
substrate 12, the maximum temperature of the exhaust fluid stream, and the like. 
Suitable materials for the shell 18 may comprise any material that is capable of 
resisting under-car salt, temperature, and corrosion. For example, ferrous materials 
may be employed such as ferritic stainless steels. Ferritic stainless steels may include 
stainless steels such as, e.g., the 400 - Series such as SS-409, SS-439, and SS-441, with 
grade SS-409 generally preferred. 

[0014] End cone 20 (or alternatively an end cone(s), end plate(s), 
exhaust manifold cover(s), and the like), which may comprise similar materials as the 
shell, may be disposed at one or both ends of the shell. The end cone 20 (end plate or 
the like) is sealed to the shell to prevent leakage at the interface thereof. These 
components may be formed separately (e.g., molded or the like), or may be formed 
integrally with the housing using methods such as, e.g., a spin forming, or the like. 

[0015] In an alternative method, for example, the shell may comprise 
two half shell components, also known as clamshells. The two half shell components 
are compressed together about the retention material/substrate subassembly, such that 
an aimular gap preferably forms between the substrate and the interior surface of each 
half shell as the retention material becomes compressed about the substrate. 

[0016] The exhaust emission treatment device 100 may be manufactured 
by one or more techniques, and, likewise, the retention material/substrate subassembly 
16 may be disposed within the shell 18 using one or more methods. For example, the 
retention material/substrate subassembly 16 maybe inserted into a variety of shells 18 
using a stuffing cone. The stuffing cone is a device that compresses the retention 
material 14 concentrically about the substrate 12. The stuffing cone then stuffs the 
compressed retention material/substrate subassembly 16 into the shell, such that an 
annular gap preferably forms between the substrate 12 and the interior surface of the 
shell 18 as the retention material 14 becomes compressed about the substrate 12. 
Altematively, if the retention material 14 is in the form of particles (e.g., pellets, 
spheres, irregular objects, or the like) the substrate 12 may be stuffed into the shell 18 
and the retention material may be disposed in the shell 18 between the substrate 12 and 
the shell 18. 
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[0017] As briefly mentioned above, a catalyst may be disposed on 
and/or throughout (hereinafter "on") the substrate 12. The catalyst comprises a 
washcoat (e.g., a support material) and a precious metal. As will be discussed in 
greater detail, the washcoat comprises a zirconixmi and titanium solid solution. The 
term "solid solution" is used herein to generally refer to a single, substantially 
homogeneous, metal oxide crystallite or crystallites characterized in that the oxygen 
atoms in the crystal stmcture are attached to metal ions of more than one metallic 
species. These materials are further characterized by having a single crystal structure, 
whereby the oxygen atoms in the crystal structure are shared between the metal ions 
and are referred to as single-phase materials of tetragonal or cubic crystal structure. 
Additionally, a solid solution is noted as having different physical properties compared 
to those individual components making up the solid solution. Moreover, a solid 
solution differs from a physical mixture in that the solid solution has the components 
comprising the solid solution occupy positions on the same lattice of a crystalline 
structure. 

[0018] The precious metal support material can include metal oxides 
and solid solutions of elements such as aluminum, zirconium, titaniimi, yttrium, 
lanthanum, cerium and combinations comprising at least one of the foregoing oxides, 
wherein combinations comprising at least one of zirconium or titanium are particularly 
preferred. 

[0019] The precious metal support material preferably has a particle 
diameter, measured along the major axis, of less than or equal to about 5.0 
micrometers, with less than or equal to about 2.5 micrometers preferred and less than or 
equal to about 0.6 micrometers more preferred. 

[0020] Furthermore, a solid solution comprising zirconium-titanium is 
expected to be active NOx adsorbers because the solid solution is not expected to 
accumulate sulfur. Sulfur accumulation is known to deactivate certain NOx adsorber 
catalysts. The sulfur oxides adsorbed on the surface of the zirconiimi-titanium solid 
solutions are predicted to form a sulfate that may be readily decomposed. Without 
being bound to theory, this behavior may be explained by the fact that the solid solution 
sulfates are unstable as compared with independent sulfates of zirconiimi, titanium, 
yttrium, and lanthanum. As will be discussed in greater detail, the solid solution 
comprising the washcoat preferably further comprises yttrium and lanthanum as noted 
above. 
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[0021] The solid solution can further comprise stabilizer(s). Possible 
stabilizers include lanthanide series elements, with yttriimi and lanthanum preferred. 
Preferably, yttrium, zirconium, lanthanum, and titanium all occupy the same lattice of a 
crystalline structure, within the structure the yttrivmi may be more associated with the 
zirconium as compared to the titanium (generally denoted as yttrimn/zirconimn) and 
the lanthanum may be more associated with the titanium as compared to the zirconium 
(generally denoted as lanthanum/titanium). Preferably, the solid solution comprises 
yttrium/zirconium-lanthanum/titaniimi. Without being bound by theory, the association 
of the yttrium with the zirconium and the association of lanthanum with the titanium 
may extend the life of catalyst. More particularly, as an example, lanthanum protects 
the titanium from nitric acid, which may form when NOx in the exhaust fluid mixes 
with condensed water vapor in an exhaust system. The nitric acid has a greater affinity 
to the lanthanum than the titanium, thereby protecting the titanium. 

[0022] Altematively, embodiments are envisioned wherein the washcoat 
comprises a physical mixture of at least two solid solutions. This physical mixture of at 
least two solid solutions is herein after referred to as a multiple solid solution. In such 
multiple solid solutions, a first solid solution comprises yttrium zirconium and a second 
solution comprises lanthanum titanium. 

[0023] The yttrium, zirconium, lanthaniun, and titanium components 
may be present in the solid solution in any ratio and have any particle size such that a 
solid solution is formed that is capable of being used in a NOx adsorber. For example, 
the ratio of zirconium to titanium may be about 20:80 to about 80:20. The ratio of 
yttrium to zirconium may be about 8:92 to about 0:100. The ratio of lanthanum to 
titanium may be about 8:92 to about 0: 100. The term "ratio" as used herein refers to a 
molar ratio of the elements. Generally, the amounts of stabilizers are about 1 mole 
percent (mol%) to about 8 mol% or so, with about 3 mol% to about 7 mol%, based 
upon the total about of the metals and stabilizers. It is noted that all ranges disclosed 
herein are inclusive and combinable (e.g., ranges of less than or equal to about 25 
mol%, with about 5 mol% to about 20 mol% desired, and about 10 mol% to about 15 
mol% more desired, includes the ranges of about 5 mol% to about 25 mol%, about 10 
mol% to about 25 mol%, about 5 mol% to about 15 mol%, etc.). For example, with the 
ratio of zirconium to titanium about 50:50 and the ratio of yttrium to zirconium about 
8:92, the yttrium-zirconium-titanium solid solution would Yo.04Zro.46Tio.50. 



6 



DP-309619 



[0024] Additionally, the primary particles comprising the solid solution 
are nanoscale, i.e., the particles have dimensions that are measured in nanometers. For 
example, the components comprising the solid solution preferably have an average 
particle size (taken along the major diameter (i.e., the longest diameter)) of less than or 
equal to about 20 nanometers (nm), with less than or equal to about 10 nanometers 
more preferred. Since particles may form agglomerates, clusters, and the like 
(hereinafter "agglomerates"), the term "primary particle" is used herein to generally 
refer to the individual constituent particles comprising the agglomerate. In other words, 
a primary particle is a single particle, whereas an agglomerate comprises at least two 
primary particles. Preferably, the agglomerates have an average major diameter of less 
than or equal to about 20 micrometers, with less than or equal to about 10 micrometers 
more preferred. In various embodiments, the agglomerates may have an average major 
diameter of less than or equal to 5 micrometers. The agglomerate size may be 
determined after calcination, i.e., after the solid solution is disposed on, for example, a 
substrate and heated at temperatures up to about 800°C. 

[0025] The solid solutions can be formed, for example, by first forming 
an organometallic precursor and then decomposing the precursor to form the solid 
solution. The organometallic precursor may preferably be formed by a hydrolytic 
process based on the etherification of alcohols. For example, titanium and/or a titanium 
salt can be reacted with an alcohol to form titanium alkoxide. The alkoxide has a 
carbon unit of 1 to 8, with 1 to 5 carbons preferred. For example iso-propyl alcohol or 
n-propyl alcohol are used to form an isopropoxy or n-propoxy group. Other alcohols 
include ethyl alcohol, n-propyl alcohol, iso-propyl alcohol, n-butyl alcohol, n-butyl 
alcohol, iso-butyl, n-butyl, sec-butyl and tert-butyl alcohol. Similarly, the other metals 
or their salts (e.g., zirconium, lanthanides, and the like, and/or their salts) can be reacted 
with an alcohol to form the metal alkoxide. The metal alkoxides can then be combined 
to form the organometallic precursor. Preferably they are combined in the presence of 
an organic acid (e.g., methacrylic acid). The precursor is then decomposed to form the 
solid solution. Decomposition can comprise adding water (e.g., preferably slowly (e.g., 
dropwise)), and/or evaporation. The solid solution can then be applied to the substrate 
and the precious metal subsequently added, or the precious metal can be added to the 
precursor during the formation of the solid solution. Once the catalyst has been formed 
(i.e., precious metal and solid solution), it is preferably heat treated to the maximum 
operating temperature intended for that catalyst application (e.g., for a diesel 
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application, the catalyst is heat treated to about 700^C to about SOC^C (preferably about 
750*^C), while for a gasoline application, the catalyst is heat treated to about IjOSO'^C to 
about 1,150°C (preferably about 1,100**C). Generally, the catalyst is heat treated to a 
temperature of greater than or equal to about 700®C. 

[0026] In other embodiments, the yttrium, zirconium, titanixmi and 
lanthanum precursors can be inorganic acids such as nitrates, chlorides and organic 
acids such as acetates, or mixtures thereof In these embodiments, alcohols or a water- 
alcohol mixture comprising about 1 wt% to about 20 wt% water are preferably used as 
the solvents. The precipitation reactions can occur by addition of the acidic precursor 
solution to water or water-ammonium hydroxide mixtures containing about 1 wt% to 
about 30 wt% ammonium hydroxide. 

[0027] In an exemplary embodiment, titanium alkoxide, zirconium 
alkoxide, and an organic acid such as methacrylic acid are used to form the 
organometallic precursor Zr2Ti404[OCH2CH2CH2CH3][OC(0)CH3CH2]io. This 
organometallic precursor decomposes during calcination. More particularly, the 
Zr2Ti404 inorganic cluster resulting from the decomposition of 

Zr2Ti4O4[OCH2CH2CH2CH3][OC(O)CH3CH2]i0 forms the desired zirconium-titanium 
solid solution. 

[0028] In making an exhaust treatment device, the washcoat (e.g., a 
solid solution comprising zirconium-titanium) may be applied to a substrate(s) as a 
slurry by wash coating, imbibing, impregnating, physisorbing, chemisorbing, 
precipitating, and the like. Such techniques as spraying, dipping or painting may also 
be used. Altematively, the washcoat may be applied to a support material, which may 
in turn be disposed on the substrate(s). Support materials may include, but is not 
limited to, a refractory inorganic oxide. The support component preferably comprises 
an inorganic oxide having thermal stability at temperatures of about 1,000°C and less. 
Suitable refractory inorganic oxide components include, for example, delta alxmiinum 
oxide, silica-doped alximinum oxide, titanium oxide, zirconium oxide, lanthanum oxide, 
cerium oxide, and mixtures comprising one or more of the foregoing refractory 
inorganic oxides. Preferably, the washcoat is applied directly to the substrate. 

[0029] The amoimt of soUd solution in the washcoat is preferably 
greater than or equal to about 60 wt%, with greater than or equal to about 75 wt% more 
preferred, wherein the weight percent is based on the total weight of the washcoat. 
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Also preferred within this range is an amount of soUd solution of less than or equal to 
about 98 wt% with less than or equal to about 95 wt% more preferred. For example, 
the slurry can comprise about 2 wt% to about 40 wt% stabilized aluminum oxide with 
about 6 wt% to about 12 wt% stabilized aluminum oxide preferred. 

[0030] Although the loading of the washcoat may vary with the cell 
density of the substrate, the washcoat preferably has a loading of less than or equal to 
about 10 grams per cubic inch (g/in^), with a loading of about 4 g/in"^ to about 6 g/in3 
generally employed. The solid solution component of the washcoat preferably has a 
loading of about 3.6 g/in^ to 5.4 g/in^. The term "cell" is used herein to refer to fluid 
channel channels comprising a substrate. These cells may have a honeycomb 
geometry, with the combs channel having any multi-sided or rounded shape, with 
substantially square, triangular, pentagonal, hexagonal, heptagonal, octagonal, or 
similar geometries preferred due to ease of manufacturing and increased surface area. 
The term cell density as used herein refers generally to the nimiber of cells in a given 
area. 

[003 1] A precious metal may then be impregnated into the washcoat 
after calcination. Suitable precious metals include rhodium, platinum, palladium, 
ruthenium, iridium, gold, silver, and the like, and combinations comprising one or more 
of the foregoing catalytic metals. Additionally, in various exemplary embodiments, the 
activity of the catalyst for use in lean conditions can be extended by the use of a 
stabilized precious metal oxide(s). For example, barium and lanthanum may be used to 
stabilize platinum oxide. Li an exemplary embodiment, the stabilized platinum oxide is 
BaLa2Pt05. The advantage of a stabilized platinum oxide is that suitable NOx 
conversion activity can be obtained at temperatures of about 270*^0 to about 320®C, 
which is generally below the activity temperatures for non-oxidized platinum. 

[0032] The precious metal may be loaded onto the washcoat. 
Preferably, the precious metal, e.g., platinum, comprises less than or equal to about 3 
wt% of the total weight of the catalyst, with about 0.05 wt% to about 3 wt% preferred. 
The term "catalyst" as used herein refers to the total solids in the washcoat and the 
precious metal being loaded onto the washcoat. In various embodiments, the precious 
metal is loaded onto the substrate at less than or equal to about 60 grams per cubic foot 
(g/ft^) (e.g., about 5 g/ft^ to about 60 g/ft^), with a loading of about 20 g/ft^ to about 40 
g/ft^ preferred. Moreover, the precious metal preferably has an average particle size of 
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less than or equal to about 10 nanometers (nm), with an average particle size of about 2 
nm to about 4 nm preferred. 

[0033] In alternative embodiments, the precious metal may be 
incorporated into the solid solution comprising the washcoat. In other words, the 
precious metal, for example, platinum, can occupy the same crystalline structure as the 
components making up the washcoat, for example, yttrium, zirconium, lanthanum, 
and/or titanium. Incorporating the precious metal into the solid solution can suppress 
the particle growth of the precious metal as well as suppress poisoning of the precious 
metal. Without being bound by theory, these effects may be realized as a result 
because, as noted above, a solid solution has unique physical properties compared to 
the components making up the solid solution. As such, the re-crystallization 
temperature may be increased, thus imparting, for example, the suppressed particle 
growth of the precious metal. 

[0034] In addition to the stabilizers, metals, and precious metals, a 
sulfate inhibitor may be impregnated into the washcoat. Suitable sulfate inhibitors may 
include niobium, vanadium, and the like. 

[0035] Advantageously, the disclosed washcoat comprising a 
zirconium-titanium solid solution is particularly useful as a NOx storage material. 
Compared to mixed oxides, the solid solution may have improved NOx storage ability 
and long-term stability. In addition, the solid solutions are expected to be more sulfur 
resistant than the oxides. Yet another feature is that employing stabilized platinum 
oxides in the catalysts compositions comprising solid solutions can extend lean exhaust 
activity to temperatures of about 270°C to about 320*^C, thereby reducing nitrogen 
oxide emissions. 

[0036] While the invention has been described with reference to an 
exemplary embodiment, it will be understood by those skilled in the art that various 
changes may be made and equivalents may be substituted for elements thereof without 
departing from the scope of the invention. In addition, many modifications may be 
made to adapt a particular situation or material to the teachings of the invention without 
departing from the essential scope thereof. Therefore, it is intended that the invention 
not be limited to the particular embodiment disclosed as the best mode contemplated 
for carrying out this invention, but that the invention will include all embodiments 
falling within the scope of the appended claims. 
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